Indiscriminate disposal of waste water by industries and use of effluent from the effluent channel for irrigation purpose in the peri-urban areas poses a major threat to food safety. The key objective of this study was therefore to estimate the heavy metal content of foods grown around the city of Vadodara and assess the health risk in the study population. A total of 40 foods and 17 water samples were assayed for heavy metal content using the AAS. The results indicated that the mean Arsenic content of cereals (4ppm), pulses (2.5ppm), other vegetables (1.95ppm), green leafy vegetables (5ppm) and roots and tubers (2.5ppm) exceeded the critical values. Cereals (1.65ppm), fruits (1.98ppm) and curd (2.8ppm) exceeded the critical limits for Cadmium. Mean Arsenic (3.79ppm) and Lead (0.17ppm) content in drinking water was higher than the limits. Health risk assessed using Total Daily Intake (TDI), Provisional Tolerable Daily Intake (PTDI), Provisional Tolerable Weekly Intake (PTWI), provisional tolerable monthly intake (PTMI), Daily Intake of Metals(DIM), Health Risk Index (HRI) and Total hazard Quotient (THQ) for Cadmium, Lead and Arsenic indicated that the study population was at risk of heavy metal toxicity.
INTRODUCTION
Heavy metals find their entry into food from natural sources like soil, air and water through wastewater irrigation, solid waste disposal, mining, smelting, sludge applications, vehicular exhaust, fertilizers, fungicides and industrial activities 1 
. (Muhammed et al, 2008).
2 (Radwan and Salama, 2006) . Consumption of food crops contaminated with heavy metals is a major food chain route for human exposure 3 (Khan et al, 2008) . The absorption of heavy metals in the system varies to certain extent depending on various factors. The gastrointestinal absorption of Cadmium was double in women with low body iron stores compared to the control group. There is evidence indicating increased fractional absorption of Lead with respect to chronic ingestion of diets with less than adequate amounts of Calcium, Phosphorus, Iron, Selenium or Zinc in experimental animals. Moreover, Lead ingested during period of fasting gets absorbed to a much greater extent than Lead ingested with food. 4 (WHO, 1992) . Heavy metals, in general, are nonbiodegradable, have long biological half-lives and have the potential for accumulation in the different body organs leading to acute as well as chronic toxic effects.
2 (Radwan and Salama, 2006) . The problem of heavy metal contamination is getting serious all over the world especially in developing countries. Moreover as heavy metal bioaccumulation increases in nutrition deprived state, developing countries with higher prevalence of under nutrition are at a greater risk of heavy metal toxicity. Most countries have established parameters for monitoring safe level of intake in terms of PTWI (Provisional Tolerable Weekly Intake) PTDI (Provisional Tolerable Daily Intake), PTMI (provisional tolerable monthly intake) for heavy metals with cumulative effect on human system and the same are revised periodically. Reference doses are also available for heavy metal intake by humans. In India Food Standards and Safety Act 2006 (FSSA) prescribes the limits of contaminants under category "Foods not specified" for selected heavy metals only 5 . (http://www.fssai.gov.in). To formulate regulations, there is a need for a concrete data base on the heavy metal content of various foods grown throughout India. As there are no such studies reported from Vadodara, the following study was carried out to explore this specific area.
METHODS AND MATERIALS

Collection of Food and Water Samples
Fifty households situated within 2 km area of the main vegetable market comprised the study population. Dietary intake was assessed 24 hour dietary recall and food frequency and their body weights were noted using platform scale for calculation of acute and chronic dietary exposure of heavy metals. Forty most commonly consumed foods and seventeen water samples collected from households were analysed for heavy metal content. Vegetables and fruits (high in moisture) were freshly procured from the market and processed immediately to avoid moisture loss. 
Sample Preparation
Three grams of edible portion of each foodstuff was weighed and taken in Kjeldahl flask. Wet digestion was carried out using acid mixture (3:2:1 of nitric acid, perchloric acid and sulphuric acid) till a clear solution was obtained (which was approximately 3-4 hours). The sample was then cooled and volume of all the samples was made to 10ml using deionized water. The samples were properly coded and immediately transferred to acid washed polyethylene bottles of food grade and stored in dark and cool place till further analysis 6 .
Raghuramulu et al, 2003).
Metal Analysis
Atomic Absorption Spectrophotometer (Perkin Elmer AA 600) was used for analyzing metal content namely Arsenic, Lead and Cadmium. The samples were run in duplicates and the values reported are mean of duplicates. Several parameters as mentioned below were used for the Health Risk Assessment in the study population namely, Total daily dietary intake (TDI), Provisional tolerable daily intake (PTDI), Provisional tolerable weekly intake (PTWI),Provisional tolerable monthly intake (PTMI), Daily Intake of Metals (DIM), Health Risk Index (HRI), Target Hazard Quotient (THQ). The study was approved by Departmental Medical Ethical Committee. Table 1 . gives the cadmium, lead and arsenic content of various food groups. The mean cadmium and arsenic content exceeded the FSSAI limits for all the food groups except green leafy vegetables. The mean lead content was below detectable limits (Nil) in all the food groups. Arsenic content was highest in cereals followed by green leafy vegetables, pulse, other vegetables and lowest in milk and milk products. Cadmium content of Ladies finger and Ivy Gourd exceeded the limit, while Capsicum, drumstick, bottle gourd, cluster beans, cauliflower, brinjal, double beans and cucumber had Cadmium content within the acceptable levels. Cadmium content of Cabbage and spinach was above the limit, while it was within limits in fenugreek and coriander. Amongst roots and tubers, Cadmium concentration of beetroot, onion, potato and carrot exceeded the limits while for Mango ginger (yellow and orange) it was within the permissible value. Cadmium content of all the fruits was higher than the limit except tomato. In milk, Cadmium was within the cut off while it was above the specified limit in curd. Lead content of all cereals, pulses, other vegetables, green leafy vegetables, roots and tubers, fruits, milk and curd was within the FSSAI limit of 2.5ppm. Arsenic was absent in pearl millet while in pulses it was nil in Bengal gram dal, green gram whole, moth beans and fresh peas. In other vegetables it was not detected in bottle gourd, cluster beans, cauliflower, brinjal, double beans and cucumber. It was absent in three roots and tubers namely, onion, potato and carrot. It was nil in 4 out of 5 fruits analysed namely banana, amla, apple and tomato. It was absent in both milk and curd. Arsenic content of all the other foods from all the food groups was higher than the Table 2 presents the data on metal content of water used for drinking and cooking purpose used by the study households. The water samples were classified based on their sources into six groups namely: Corporation water, corporation + purifier water, bore-well water, bore-well +purifier, bore-well + corporation, corporation + bore-well + purifier. The Cadmium content of water samples was nil or below detectable limits while the Arsenic content ranged from 1.5 to 5ppm and the that of lead from 0.28-0.42 ppm. The water samples exceeded the IS specified limits for lead for a few samples and Arsenic for all the samples analysed. 
RESULTS
Heavy metal content of various foods
Cadmium, Lead and Arsenic content in drinking water
Contribution of various food groups towards the total daily dietary intake of Cadmium, Lead and Arsenic in the study population
Health Risk Associated with Heavy Metals in the Study Population
The health risk was assessed in the study population using TDI, PTDI, PTWI, THQ and HRI. The data are presented in Table 4 .
TDI for a heavy metal refers to the intake of that particular metal from all the food groups and is an important indicator of health risk in the population exposed. The TDI of Arsenic was highest followed by Cadmium and Lead. The PTDI for Cadmium was more than 15 times higher that for Lead almost two times higher while for Arsenic it was ten times higher than the cutoff given by JECFA. The PTWI too exceeded the cutoffs for Cadmium, Lead and Arsenic. The THQ value is a dimensionless index of risk associated with long term exposure to chemicals based on reference upper safe limit.
(Naughton and Petroczi, 2008). THQ>1 indicates health concern. According to this criterion, all the 3 heavy metals in the present study exceeded the cut off. The HRI value of >1 represents that the population is at risk. In the present study, the HRI values for all the heavy metals studied were >1. This indicates that the population is at risk of Cadmium, Lead and Arsenic toxicity. The HRI values were highest for Arsenic followed by Lead and Cadmium.
DISCUSSION
Heavy metals are non-biodegradable and its bio-accumulation increases in nutrition deprived state therefore, developing countries with higher prevalence of under nutrition are at a greater risk of heavy metal toxicity. The results obtained in the present study show that the cadmium content of almost all the foods exceeded the permissible limits and higher than that reported by other investigators. Arsenic content was highest in cereals followed by Cadmium and Lead. In the present study, the mean Lead content in cereals, pulses and other vegetables was Nil, 0.16ppm and 0.08ppm respectively while in a study conducted in Mumbai, it was 0.018, 0.253 and 0.0041ppm respectively. In the present investigation, the Lead content was nil in green leafy vegetables, milk and fruits while it was 0.01, 0.0016 and 0.0074ppm in the Mumbai study. The Cadmium concentration in cereals, pulses, green leafy vegetables, other vegetables, milk and fruits was 1.65, 1.50, 0.92, 1.31, 0.23 and 1.98ppm respectively in the present study, while it was extremely low in the Mumbai study (0.0071, 0.0079, 0.0149, 0.0032, 0.0001 and 0.00015ppm respectively). 7 Tripathi et al, 1997). In the present study, the mean Arsenic content in cereals was 3.30ppm, while it was about 20 times lower (0.2ppm) in a study conducted in West Bengal. In the present study, the Arsenic content of vegetables (Green leafy vegetables + other vegetables + roots and tubers) was 9.45ppm while it was much lower in a study by Uchino et al (2006) , namely 0.0736ppm. The variations observed can be attributed to use of fertilizers (contributes to cadmium content) and soil condition that affects the absorption by plants.
Arsenic content of drinking water ranged from 1.5 to 5ppm in the present study, while it was much lower in the tube-well water samples from West Bengal (0.00064-0.17ppm).
8 (Uchino et al, 2006) . In another study carried out in West Bengal, the mean Arsenic content of water from hand tube wells and shallow big diameter tube wells was 0.107mg/L which is lower compared to the present study. 9 (Roychowdhury,Tokunaga and Ando, 2003).
In Korangi industrial area of Karachi, Pakistan, Cadmium content in tube-well water was 0.041ppm (nil in present study) and Lead concentration was 0.24ppm (0-0.833ppm in the present study).
10 (Saif et al, 2005) . In a study carried out in industrial area of New Delhi, 2 of the 10 groundwater samples (0.0153 and 0.0104 mg/L) analysed exceeded the cut off set by IS 10500 and WHO of 0.01mg/L for Cadmium, while in the present study Cadmium was absent and therefore within the safe level. Lead content in 2 out of 10 water samples (0.055 and 0.053 mg/L) from Delhi slightly exceeded the limit of 0.05 mg/L, while in the present study it was comparatively very high (0-0.833 mg/ L).
11 As is evident from the present study the quantity of food consumed is the major determinant for health risk from the specific metal. Cereals were consumed in larger quantities and therefore major contributors of various metals in the study population. Health risk assessment shows that maximum risk in the population was due to the contamination with Arsenic followed by Cadmium and Lead. Due to the paucity of data from other studies, comparison is not possible for the HRI values.
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